The publication of these papers is notable for two reasons. The first, and most striking, is that they use radiolabelled aerosols and gamma scintigraphy to answer the questions posed. While there are now many such studies published in a variety of respiratory and paediatric journals, this journal has previously, on the basis of reviewers' comments, declined to publish such papers on the grounds that it would appear to be "unethical" to administer radioactivity to children for such research purposes. In addition their publication occurs at a time when most journals have, quite reasonably, become increasingly resistant to publication of studies purporting to assess inhaler systems in vitro or in vivo which do not include evidence of clinical relevance.
In most respects the ethical issues surrounding the use of radiolabelled deposition studies are no different to those involving children in other types of research. Issues surrounding the need on the one hand to act in an individual child's best interest while on the other hand protecting children from the potential harmful effects of using inadequately tested drugs, and the difficulties of obtaining truly informed consent in young children involved in pharmaceutical trials have been discussed frequently in recent years. [3] [4] [5] It is recognised that such studies are vital if therapeutic advances are to be achieved, but that there are potential risks to the child participating in the study, particularly when a new chemical entity (NCE) is being assessed. In order to justify any such risk, studies must be well designed and powered in order to provide adequate answers to questions regarding safety and efficacy. In addition the potential benefits of undertaking a study must justify any potential risk. 5 Radiolabelled deposition studies differ from a clinical safety/efficacy study of a NCE in two respects. Firstly, the risk associated with radiolabelled studies can be quantified and minimised by careful design. In contrast, the risk posed by an NCE is not fully quantifiable since safety data available prior to a clinical study may be limited to animal studies and limited phase 2 studies in adults. The other important difference is that deposition studies cannot answer clinically important questions. While the information may be interesting and may modify future clinical studies, the results by themselves cannot answer fundamental questions regarding efficacy and safety. In this respect they are analogous to the phase 2 pharmacokinetic studies that precede clinical trials. For these reasons a clear understanding of the field of aerosol therapy, the options available when considering a particular question, and the limitations of deposition studies, is required when contemplating a study.
RADIOLABELLED STUDIES
Radiolabelled studies have become increasingly sophisticated and prevalent over the years. Initially undertaken by clinical scientists to obtain fundamental information that could not be obtained in other ways, such studies in adults have now become a standard part of product development, and indeed are also being undertaken as a marketing tool. There are a number of technical challenges to be addressed, including effective labelling of the drug and accurate analysis and interpretation of the data. [5] [6] [7] Studies assessing solutions delivered by nebulisers such as those in the current studies are relatively straightforward in that the "soup" method appears to be adequate. This simply involves adding the label, usually 99m-technetium, to the solution. Studies involving dry powders, pMDIs, and suspensions are much more difficult and require extensive validation.
Various techniques are used to correct for attention, map the edge of the lungs, describe areas of interest, and analyse the data in 2D and 3D. Failure to have a common approach, as illustrated by the very different approaches used in the two current studies, means that it is not possible to compare results obtained in different centres and that results are essentially ball-park figures. For example, one study does not appeared to have corrected for attenuation of activity by the body tissue, an important step in attempting to obtain accurate values, while the other does not indicate which of many different techniques was used. While such limitations prevent direct comparisons between studies, this approach is probably valid when comparing two delivery systems in the same patient group. It should also be noted that the images obtained using gamma scintigraphy are very pretty but can be very misleading in that the appearance can be very easily and effectively manipulated to show apparently conflicting results. Therefore the data must be presented in a clear and unambiguous manner.
The greatest benefit of radiolabelling drugs is that the pattern of deposition throughout the airways can be determined, including that deposited in the upper airway and the pattern of distribution within the lungs. Information regarding the pattern of deposition within the lungs is almost impossible to obtain in other ways, though planar scintigraphy is relatively insensitive to changes of deposition within the lungs because of the complex 3D nature of the airways. Such studies do not, however, provide information regarding total body exposure to a drug for which pharmacokinetic studies are required.
ASSESSMENT OF RISK
The view of reviewers who considered that such studies are "unethical" was presumably based on a sense of unease regarding radioactivity rather than a rational exploration of risk. At the doses used in these studies it is clear that there should not be any clinical effects attributable to direct cytotoxic or "deterministic" effects since they are well below the threshold dose required to induce such effects. 6 However, it is known that there is no threshold dose for so call "stochastic" effects-that is, the radiation induced changes that occur in cells exposed to radiation such as mutation or deletions of DNA. The effects of such changes may take many years to become manifest. The lack of any threshold would imply that exposure to any ionising dose might be harmful. The long latent period before manifestation of such effects means that exposure in childhood may represent a greater risk than a similar exposure in adulthood as children are likely to live longer. It is also possible that children are more sensitive to radiation and that they may pass on harmful mutations to their children, though there is no direct evidence for either of these concerns (other than possibly increased susceptibility of the juvenile thyroid). Calculating the likely risk of problems involves calculating the "effective dose", which will be dependent on the type of radiation (α, β, or γ), The potential benefits of undertaking a study must justify any potential risk LEADING ARTICLE the dose used, residence time in the organ, and the type of organ(s) exposed, since different organs vary in their tolerances to radiation. The effective dose allows risk to be considered on a unified scale and can be compared to other sources, such as background or that involved in a transatlantic flight.
When administered as 99m
Tc sodium pertechnetate, it is rapidly cleared from the lung with a half life in the lungs of 10-15 minutes; clearance is still relatively rapid when administered as 99m Tc DTPA, as used in these studies, which has a residence half life of up to 150 minutes. For isotopes rapidly cleared from the lungs it appears that the greatest exposure is experienced by the bladder.
Some observers have been concerned that such estimates of risk are based on overall exposure to the organ and ignore the potential impact of relatively high doses at an individual cellular level adjacent to the sites of deposition. There has been very little work undertaken to address this specific issue, but the doses used to date have been such that radiation protection workers consider that the risk is extremely low, particularly when using formulations rapidly cleared from the lungs. The use of a low dose gamma emitter with a short radiation half life together with rapid clearance from the lungs and body results in a low effective dose equivalent to a few weeks background radiation, and would certainly appear to be less than that associated with a computed tomography scan of the chest.
Previous radiolabelled studies have undoubtedly provided insights into drug delivery to the lungs in both adults and children that would probably not been obtained in any other way. While the risk from such studies appears extremely low it cannot be said that they are without risk. Therefore in order to justify undertaking any study in children, a number of criteria should be met. This approach should only be used in children when 6 
:
• It is to answer an important clinical question • The answer cannot be obtained in any other acceptable way • The study is designed in such a way as to obtain maximum information • The children are exposed to lowest dose consistent with obtaining high quality data. Such criteria necessitate a thorough understanding of inhaled therapy and close collaboration with medical physicists.
ASSESSMENT OF AEROSOL DELIVERY SYSTEMS
There are a variety of in vitro and in vivo techniques that can be used to assess inhaler devices. [6] [7] [8] Most are at best a guide to what might happen in real life and most have at one time or other inadvertently or, occasionally, intentionally mislead clinicians. Standard benchtop testing using techniques such as liquid impingers and laser particle sizing have a role in product development and quality control, and represent a starting point for understanding what might be happening in patients. Their attraction for some researchers is that they are quick and relatively easy to undertake, and this led to a considerable number of such publications in the late 1980s and early 1990s. Unfortunately they are so far removed from patients that they provide at best a suggestion of what is likely to happen in the real world. The in vitro assessment of devices improved significantly over the past decade, with the development of increasingly complex dynamic systems which now do provide much greater information and that appear to correlate to a greater degree with results in patients.
9-11
Obtaining information regarding the deposition of drug can be obtained using classic pharmacokinetic techniques, but these do require multiple venous samples, 7 12 always difficult in very young children, though this can be reduced by means of "population" pharmcokinetics, using fewer samples from more subjects. There are indirect pharmacokinetic approaches involving the collection of urine samples, 9 13 14 and this approach has been employed using sodium chromoglycate, salbutamol, and aminoglycoside antibiotics. The necessity for complete and in some cases timed urines makes the use of such techniques difficult or impossible in very young children.
LIMITATIONS OF PRECLINICAL STUDIES
In vitro and in vivo studies may provide interesting data that may allow us to try and optimise inhaled therapy but ultimately, as noted above, the only way to obtain safety and efficacy data is to undertake clinical trials. The two studies published in this issue illustrate the potential for considering alternative approaches that may obviate or minimise the need for radiolabel studies. It could reasonably argued that neither was necessary, even though they have generated interesting data. The study by Amitav et al does, however, illustrate the type of information that might be derived from deposition studies that is difficult to obtain in other ways.
The study by Byrne et al compared lung delivery using a Halolite system with the current standard delivery system in their unit, the Pari LC Plus. As noted the Halolite was preset to deliver a given dose of a suspension based formulation of budesonide, and had not been assessed for the delivery of colistin solution. A subsequent version of the device is now being marketed specifically for this purpose. A simple dynamic in vitro test utilising a breathing simulator based on the breathing patterns of children 10 would almost certainly have provided the same answer regarding the relative dose delivered to the patient, and a realisation that alteration of the settings was required to achieved equivalent drug delivery (if this is desirable-see below).
The sputum studies could have been undertaken without radioactivity. However, this is not an entirely satisfactory method of assessing drug delivery since reduced lung function and to a lesser extent larger particle sizes will result in more central deposition and greater concentrations of antibiotic in the sputum collected after inhalation. Thus sputum concentrations can be misleading and certainly cannot be relied on to reflect the total lung dose. 15 Data regarding the pattern of deposition in the lungs could not be obtained in other ways. Although there was a trend for improved peripheral deposition using the Halolite, the study was unable to show a significant difference in penetration index, which is not too surprising given the limitation of gamma scintigraphy and the similarity in mass median aerosol diameter of the aerosols generated by both devices.
What is the clinical significance of their findings? Their conclusions appear to be based on the assumption that more is better. The clinical evidence that colomycin is useful is based on studies of "eradication" and "maintenance" therapy of short duration. 16 17 These studies used standard jet nebulisers whose "efficiency" is significantly lower than the Pari LC and indeed lower than that of the Halolite. While more may be better in terms of cidal concentrations there is, as with inhaled steroids, the potential for more to mean more adverse effects, 18 and consequently more may actually adversely affect the "therapeutic index". The concentrations in the proximal airways achieved using both devices probably greatly exceeds the desired therapeutic concentrations. The trend towards improved peripheral deposition associated with the Halolite may or may not have clinical relevance as the drug may possibly reach organisms "deeper" in the lung. Is improved total dose better than improved peripheral deposition? Once again a "deposition" study whose implications appear straightforward throws up further questions that ultimately cannot be answered without carefully designed clinical studies.
The study by Amirav et al provides some interesting data that might be difficult to obtain in other ways. Their data appear to confirm that a hood represents a valuable alternative to a facemask when delivering aerosols to very young children. Prestudy data could have been obtained using a breathing simulator in conjunction with a realistic upper airways cast from an infant. 11 In vitro confirmation could have been obtained using a classic or indirect pharmacokinetic study. However, this approach would not provide information regarding the pattern of deposition within the airways. Of interest in this study is the extremely high upper airways deposition when using both delivery systems, representing 76% of dose deposited in the body as a result of nose breathing. This is a much greater percentage than seen in older children and adults using a mouthpiece, but is similar to that seen in adults inhaling through their nose. 19 It is also not very different to the upper airway deposition seen with a pMDI used without spacer. Such information probably could not be obtained from an indirect pharmacokinetic technique in infants, but might become evident using a classic pharmacokinetic technique. Indeed it could be argued that a pharmacokinetic study would be more valuable in that it would provide information regarding the total body exposure resulting from this pattern of deposition which is clearly of relevance for drugs such as inhaled corticosteroids. Moreover it is not entirely original with a number of previous studies indicating that upper airways deposition is very high when infants and young children inhale through their nose. [20] [21] [22] Were the studies unethical? In neither case is it likely that the subjects were harmed since the risk, though finite, is extremely low. Information relevant to the questions posed could have been obtained in other ways in both studies, and indeed for the study by Byrne et al, would probably have been just as informative. The argument for the use of hoods as an alternative to a facemask was greatly strengthened by the imaging data obtained by Amirav et al. In this case the images (with their accompanying data) are very persuasive and it would be difficult to provide such convincing data in other ways. This paper did also include data suggesting clinical benefit, though this was not a placebo controlled study.
SUMMARY
Radiolabelled pulmonary deposition studies in children can be undertaken using very low doses carrying apparently very low risk. For studies using solutions delivered by nebulisers, they are relatively simple and straightforward to undertake, making them attractive for researchers. However, before resorting to such studies the question to be answered should be carefully formulated. It should be clear that it cannot be answered effectively in other ways and that the study has been designed by a team who understand the strengths and limitations of the various possible approaches to assessing inhaled devices and which include radiation protection expertise. These studies do not replace the need for careful clinical trials since they cannot answer questions regarding safety and efficacy. 
